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ABSTRACT
Fuel Inventory Report for Montaña De Oro State Park
Spencer Gordon

Within the last century anthropogenic effects have shifted fire resilient habitats that are adapted to
thousands of years of frequent low intensity fires to landscapes that are susceptible to extreme fire
behavior which threaten human assets and sensitive natural resources. Entities that manage forests
will need to prioritize fuel reduction as a management tool to promote forest health and mitigate
hazardous fire conditions. A fuel inventory of a eucalyptus forest at Montana De Oro State Park in
Los Osos, CA was collected using a combination of Brown’s 1973 and Brown’s 1982 methods. The
fuel inventory revealed the eucalyptus forest yielded 8.51 tons per acre of downed woody material,
17.1 tons per acre of leaf litter, and 14.3 tons per acre of duff. The data collected in this report will
serve as baseline data for a comprehensive fuel management plan. Furthermore, the customization
of a fuel model number that best represents the eucalyptus forest at Montana De Oro State Park
coupled with data from this report could pave the way for fire behavior modeling.
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1. Introduction
Within the last century anthropogenic effects have shifted fire resilient habitats that are
adapted to thousands of years of frequent low intensity fires to landscapes that are susceptible to
extreme fire behavior which threaten human assets and sensitive natural resources (Arno and Brown
1991; McBride 2019). Fire suppression efforts in the last century has rendered an un-natural
accumulation of fuel in California forests (Husari 2002). Projections of hotter and drier weather are
likely to support extreme fire behavior (Kalabokidis 2015). Active fuel management can increase fire
resiliency of forests through reducing receptive fuels, thus decreasing severe fire behavior (Husari
2002). Entities that manage forests will need to prioritize fuel reduction as a management tool to
promote forest health and mitigate hazardous fire conditions in the face of climate change (Coats
2014) In general, the three main drivers of fire behavior are weather, topography, and fuels
(Peterson 2004). While weather and topography are not within the realms of forest management,
fuels are (Peterson 2004). Fuel management through prescribed fire, thinning, and pile burning has
proven to be an effective tool (Moghaddas 2007), but fuel management is not being implemented at
a sustainable rate (Agee 2002). Fuel management is expensive, time consuming and the complexity
of land ownership and management goals can stand in the way (Keeley 2004).
To effectively create a fuel management plan, a fuel inventory should be done. A standard
fuel inventory methodology known as the Brown’s transects was implemented, published, and
created into a handbook in 1974 (Brown 1974). The original 1974 Handbook accounted for downed
woody material. In 1982 the handbook was modified to account for surface fuels and biomass
(Brown et al. 1982). Both handbooks provide methods that enable land managers to quantify fuel
loads in tons/acre to allocate appropriate time and resources to effectively reduce fuels. The
handbooks account for fuels and biomass on the forest floor of various native conifer and pine
forests that expand throughout the greater United States. The methods can be adapted to reach
various objectives in an array of native forests with varying physical characteristics but do not
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account for introduced non-native forests. Therefore, the methods used for the fuel inventory have
been tailored to accommodate for the introduced non-native eucalyptus forest at my project site.
Among many introduced species in California are various eucalyptus tree species.
Eucalyptus globulus (E. globulus) was introduced to California and strategically planted in a row
formation with intentions of becoming a lucrative timber production (LeRoy 1998). Due to the
bending and twisting characteristic of the wood during the curing process plantations were
abandoned and have since expanded at rapid rates. Since the abandonment of eucalyptus
plantations in California, eucalyptus trees have expanded to cover approximately 40,000 acres of
what was once native California habitat (Wolf & Ditomaso 2016).
Eucalyptus trees outcompete native vegetation and expand quickly which paves the way for
habitat conversion from fire resilient habitats to fire receptive landscapes (Hodgson 1967).
Allelopathic effects from eucalyptus duff and leaf litter accumulation on the forest floor change the
soil chemistry, creating unsuitable conditions for native fire resilient species to establish (Chu. et al.
2013). The allelopathic effects from eucalyptus trees can convert biodiverse understory plant
communities to landscapes dominated by single species which negatively impacts suitable habitat
for wildlife (Wolf & Ditomaso 2016), but it is the fuel abundance and arrangement of eucalyptus
forests fuels that contribute to increased fire behavior (Hodgson 1967).
Fuel management plans for eucalyptus forests are gaining popularity in California amongst
land managers due to the hazardous fire conditions they present. Forest management agencies in
California could look to Australian management techniques although the objectives in Australia are
often considerably different as eucalyptus forests in Australia are managed for their health and
productivity (Cheney 2012; Cawson 2019). Land management agencies in California do not manage
fuels to promote the health of eucalyptus species as they create ecological harm rather than render
services for wildlife and humans in the way that native habitats do (Wolf and DiTomaso 2016). It is
common however, for land management agencies in California to manage fuels by means of
mechanical thinning, pile burning, and prescribed fire in a variety of native forests to promote healthy
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forests and protect humans, their assets and adjacent resource sensitive habitats. (Scott 2013;
Casey 2016) Although comprehensive fuel management plans for eucalyptus forests in California
are gaining popularity, they are still rare (McBride 2019). However, it is not rare for land managers to
control the expansion of existing eucalyptus through controlling the perimeters as seedlings establish
and in some cases, eradicate whole forests entirely (Boyd 1997).
Public lands should have fuel management plans in place to mitigate the risk of fire for the
public as well as promote healthy habitat for wildlife. Montaña De Oro State Park (MDOSP) is a
public park located in San Luis Obispo CA that hosts a variety of in-tact native habitats that border
densely populated eucalyptus forests (Hook 1988). MDOSP is situated at a wild land urban interface,
making protection of neighboring residents and natural resources a high priority in the San Luis
Obispo Coast District for California State Parks. Controlling the spread and density of eucalyptus via
mechanical thinning and prescribed fire is one way to reach safety and sensitive resource protection
objectives. To prioritize and direct efforts effectively, it is essential to quantify the workload. During
the Spring of 2019, an inventory report of eucalyptus forests in MDOSP was completed (Collins
2019) The inventory report captured the eucalyptus forest composition, tree count, volume, and
basal area. The report also calculated regeneration data that suggests that the eucalyptus forest will
continue to expand outward and become increasingly dense (Collins 2019). Although the 2019
inventory report for the eucalyptus forest quantifies base line data imperative to the facilitation of an
active management plan, the report does not inventory and quantify the fuel load created by the
eucalyptus forest.
The Objective of my project is to develop a fuel inventory report that will facilitate a fuel
management plan at MDOSP to: 1). reduce the risk of catastrophic wildfire and its effects on
humans and their property and to 2) develop a fire resilient landscape through enhancing the
diversity of understory in existing eucalyptus forests which will in return promote ecological health.
A fuel inventory is the next step to reach these objectives. To calculate a tons/acreage
weight of eucalyptus forest fuels at MDOSP, I will use a combination of methods derived from the
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Handbook for Inventorying Downed Woody Material. (Brown 1974) as well as the Handbook for
Inventorying Surface Fuels and Biomass in the Interior West (Brown 1982). The combined
methodology will account for downed woody material, small trees, shrubs, herbaceous material, as
well as duff and litter depths and weights in tons/acre. Additionally, I will account for the
accumulation of woody and fibrous bark that covers much of the MDOSP eucalyptus forest floor.
The baseline calculation of forest fuels coupled with the existing forest inventory report can serve as
the foundation for acquiring permits necessary for further management. Furthermore, the baseline
fuel data could assist in fire behavior modeling that would contribute to effective suppression
implementation in the event of a wildfire.

2. Literature Review
2.1 Overview

Wildfires can significantly impact ecological, social, and economic systems (Scott 2013) and
it is necessary to manage the effects that wildfires have on humans and natural resources (Arno and
Brown 1991, Husari 2002). Fire suppression has altered historical fire regimes and the current
structural characteristic of vegetation yields far more receptive fuels than the previous thousands of
years (Arno and Brown 1991). It is generally accepted that attempts to exclude fire events through
active fire suppression only delay, alter and intensify subsequent fires (Husari 2002). Due to recent
catastrophic wildfires, fuel modification as a protective strategy is receiving increasing attention,
particularly in wildland-urban interfaces (Warziniack 2019). In recent years, the term “fire siege” has
gained recognition. A fire siege is defined as periods when multiple, large fires overwhelm the
considerable fire suppression capability of federal, state, and local government fire departments
(Husari 2002). Additionally, the term megafire has gained popularity, defined as a fast moving, high
intensity forest fire that burns an area of 100,000 acres or more (Kelsey 2019). Both terms reflect
the extraordinary increase in catastrophic wildfire events over the past decade.
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Three main drivers of high severity fires are weather, topography and fuels. While weather
and topography are not easily manipulated by humans, fuels can be (Peterson 2004). Fuel
management is paramount in reducing the severity of wildfires, it gives humans the opportunity to
influence fire behavior before a wildfire event occurs (Husari 2002). Preparation for fire needs to be
institutionalized in our culture by means of fuel reduction, similarly as to how engineers have
provided precautionary building designs in the face of earthquakes (Keeley 2004).

2.2 Climate Change
2.2.1 Intergovernmental Panel on Climate Change
Weather and climate are large factors of fire behavior (IPCC 2020). Therefore, it is important
to monitor and estimate how weather and climate is predicted to change to effectively manage
forests to withstand high severity fires. The Intergovernmental Panel on Climate Change (IPCC) is
comprised of scientists and global experts on climate change. Their role is to create assessment
reports on the current understanding of climate change, its potential impacts, as well as different
strategies to mitigate those impacts (IPCC 2000). The fifth assessment update was done in 2013
and lists several different emission scenarios. The scenarios serve as a basis for climate change
models and are used in studies to predict weather shifts as well as quantify effects of climate change
on global and regional scales. According to the IPCC 2000 report, the primary driving forces for
future carbon dioxide (CO2) emissions are demographic development, socio-economic development,
and technological change (IPCC 2000).

2.2.2 Geographical Significance
Studies have shown that climate change is projected to alter temperatures and precipitation
patterns on a global scale that will likely increase the frequency and severity of wildfires (Kalabokidis
2015). It is important to speculate projected weather patterns on a global scale to gain a holistic
understanding of climate change effects not just regionally but also in areas around the world that
share similar climate types. San Luis Obispo is situated about halfway between San Francisco and
Los Angeles, its climate is defined best as a Mediterranean type, with majority of the annual
precipitation centered in the winter and summer droughts cooled by humid sea breeze (Wells 1962).
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It can be helpful to examine studies done in the Mediterranean basin that share similar climate zones
to central California. For instance, there have been several studies on climate change impacts on
forests in Greece and France (Kalabokidis 2015, Mouillot 2002) which is located at similar latitudinal
coordinates (35-39 degrees) as central California.

2.2.3 Climate Change Scenarios and Models
A common scenario used in climate change modelling created by the IPCC is defined by a
two-fold increase in carbon dioxide emission into the atmosphere by the year 2100. The results of
climate modeling done for the Mediterranean basin are based off the 2x CO2 emission scenario.
Studies have shown that projections in increased temperatures and decreased precipitation will
cause a higher frequency of fires. The minimum and maximum temperatures are projected to
increase in the summertime, as is the number, intensity, and length of heatwaves in Mediterranean
areas. These climate changes have a high potential to significantly increase wildfire frequency, size,
intensity, and fire risks due to longer fire seasons (Kalabokidis 2015). Studies have shown that a
feedback loop exists between fires and increased fuel receptiveness where wildfires emit large
amounts of CO2 that perpetuate weather conditions that decrease fuel moisture, in turn making fuel
more receptive to fire (Kalabokidis 2015).
While it is common for experts to utilize the two-fold carbon emission scenario to run fire
behavior and climate change models (Fried 2004, Overpeck 1991), other studies have run models
based off the lowest carbon emission scenario (B1) with carbon reaching 550 ppm and the highest
carbon emission scenario (A1) with carbon emissions reaching 970 ppm by the year 2100 (Hayhoe
2004). By the end of the century under the B1 scenario, alpine and sub alpine forests in the Sierra’s
are reduced by 50-75 % and snowpack reduced by 30-70% (Hayhoe 2004); these effects are even
more pronounced in the A1 scenario. The predicted increase in temperature and decline of
snowpack will inevitably reduce fuel moistures and create forests that are much more receptive to
fire.
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Under all climate change scenarios, the Central Coast of CA is anticipated to experience
decreased precipitation and longer droughts this century (Hayhoe 2004). Water stress coupled with
fuel accumulation due to lack of natural fire will likely change species composition and abundance to
a drier and much more compact fuel source (Moulliot 2002). The combination of dry accumulated
fuels will increase the severity and frequency of fires in Mediterranean climate zones.
Impacts of climate change on fuels are used as inputs for fire suppression models (Fried
2004). Such models project the potential impacts that climate change will have for agencies with fire
suppression objectives. Under the two-fold increase in carbon emissions scenario, fires are projected
to burn more intensely and spread much faster. For example, the number of escaped fires is
predicted to increase by 51% in areas south of the San Francisco Bay and north of Los Angeles
(Fried 2004) and the fire return interval is expected to be cut in half. Increasing fire severity is thus
likely to severely impact vegetation distribution, forest conditions, carbon storage and increase the
risk to property, natural resources, and human life (Fried 2004).

2.3 Fuel
2.3.1 Structure
Fuel is defined as accumulated plant and biomass (Husari 2002). Structural arrangement of
the fuel in a forest influence fire behavior (Husari 2002). Increased density of young trees acts as
ladder fuel and increase the chance of crown fires (Keeley 2004). The continuity of fuels across a
landscape will also influence fire behavior by increasing the rate of spread (Husari 2002). Fuel
continuity occurs on a horizontal and a vertical axis. Horizontal continuity can increase the rate of
spread laterally in which case strategic fuel breaks can be placed to stop fire. Vertical fuel continuity
is necessary for fire to spread into crowns of trees and fuel treatments often separate surface fuel
from crown fuel to reduce the probability of a crown fire (Husari 2002, Russel 2003). To decrease
the rate of spread and crown fires, fuel management plans often focus on surface fuels.
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2.3.2 Inventory
Surface fuel inventory is a critical step in creating a fuel management plant. The Brown’s
transect (Brown 1974) is a common technique for inventorying downed woody material. There are
several different techniques that have been developed to inventory fuel such as fixed area sampling,
line intersect sampling, planar-intersect sampling, transect relascope sampling and point relascope
sampling (Jordan 2004). No single sampling method is perfect for every stand as each site provides
its own set of nuances and difficulties (Jordan 2004). Some factors to consider when choosing the
correct method include topography, sighting conditions, and stand condition in relation to past
management techniques (Jordan 2004). To assess fuel inventory at MDOSP, I methods from the
Handbook for Inventorying Downed Woody Material (Brown 1974) as well as the Handbook for
Inventorying Surface Fuels and Biomass in the Interior West (Brown 1982)

2.3.3 Risk vs. Hazard
Risk and hazard are two frequently used terms when describing the importance of fuel
management and the implications of fire. The definition of each term varies between researchers and
authors. Fire hazard can be defined as a physical situation with the potential to cause damage to
highly valued resources and assets, where risk is the level of exposure of highly valued resources
and assets to a hazardous phenomenon (Scott 2013). Fire hazard is the state of the fuel in a given
area, where fire risk is used in reference to the probability of ignition of a fire (McBride 2019). The
Wildfire Hazard and Risk Assessment document produced by the United Nations Office for Disaster
Risk Reduction refers to hazard as “a process, phenomenon or human activity that may cause loss
of life, injury, or other health impacts, property damage, social and economic disruption or
environmental degradation", while wildfire risk is the likelihood of a fire occurring (UNSIDR 2017).
Although there are slightly different interpretations of what risk and hazard means in the context of
fire, a general assumption can be made that risk refers to the probability that a fire will ignite where
hazard refers to a state, or physical situation that can cause harm to valued resources and assets.
To further simplify the terms, risk can be looked at as a probability where hazard can be analyzed as
a situation.
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2.4 Eucalyptus Properties
2.4.1 Flammability
Eucalyptus fuel is unique among forest fuels in its contribution to increased fire behavior
(Hodgson 1967). A very common eucalyptus species planted throughout California is Eucalyptus
globulus. The ignitability of E. globulus when compared to native bay and oaks is much higher. On a
scale of 1-10 with the highest potential for ignition being 1, E. globulus scored a 1 to 2 where bays
and oaks scored a 6-8 (Wolf & DiTomasso 2016). The highest caloric content (quantity of heat
produced by combustion) is in the dead leaves followed by the duff and lastly the bark, capsules,
branches, and twigs (Agee and Coats 2014). E. globulus has a high potential to create fire brands
that can travel far ahead of the flaming front. The fire brands not only travel far but stay ignited when
they reach the ground due to their large leaves and bark which can then ignite new fires and
increase the rate of spread compared to fire brands from native tree species (Wolf & DiTomaso
2016, McBride 2019). Natural oils produced by E. globulus also enhance flammability (Wolf &
DiTomaso 2016). Hard freezes can cause die-back of trees and contribute to fuel loads (Rejmanek
and Richardson 2011.) During the winter of 1972/73 Oakland experienced a hard freeze that killed
many trees including eucalyptus forests which contributed to an increase of fuel loading (Coats
2017). It was noted that active fuel management would be necessary to maintain low fuel levels. The
freeze coupled with lack of E. globulus fuel management for the next twenty years in Oakland was
attributed to the severity of the catastrophic 1991 Oakland Hills Fire which took 25 lives and
destroyed thousands of homes.

2.4.2 Bioaccumulation
Eucalyptus fuel accumulation is substantially greater than grasslands and native tree species
(Wolf & DiTomaso 2016) E. globulus can accumulate 68,000 lbs. per acre of dropped branches, bark
and leaves where native coast live oak produces on average 26,000 pounds per acre. Regeneration
of eucalyptus happens quicker than native forests. One study revealed that in a scenario where an
existing stand of eucalyptus fuel was cleared but overstory trees were left, 95% of those fuels would
re accumulate in 27 years. (Agee and Coats 2014) The result of this study concludes that E. globulus
18

fuels builds up very quickly when left unmanaged, and to maintain low fuel levels, a fuel reduction
and management should be implemented (Coats 2014).

2.5 History of Eucalyptus in California
2.5.1 Original establishment
Eucalyptus has a rich history in the State of California. Eucalyptus trees were introduced to
California in the 1850’s during the gold rush by either Australians or Americans who visited Australia
and brought it back. (LeRoy 1988). Eucalyptus was intentionally introduced to California for many
reasons, including extraction of essential oils used in the flotation process for the recovery of gold
particles (Leroy 1988). Settlers from the Eastern United States were accustomed to a more forested
habitat and began planting eucalyptus trees as ornamental for aesthetic reasons. Some ranchers
planted Eucalyptus trees to provide shelter from rain for livestock. The most plausible reason
eucalyptus was introduced to California was to grow and sell the wood for firewood and construction
(LeRoy 1988). Legislation also encouraged establishment of eucalyptus trees. Citizens were
incentivized to plant fruit and eucalyptus trees along roads. Land was sold at a discounted price if
people were to plant trees and take care of them. In 1870, a bay area resident was awarded a $50
prize from the State Board of Agriculture for his effort in planting 45 acres of blue gum eucalyptus
(LeRoy 1998).
Incentives to plant eucalyptus trees during this time were not solely economically based. The
first records of eucalyptus effects on the environment were taken by Cooper Ellwood in 1876.
Ellwood highlighted the ecosystem benefits of eucalyptus trees at the landscape scale. After planting
50,000 eucalyptus trees on his ranch in Goleta, California, Ellwood observed and recorded data for
six years following initial planting. In 1870 Ellwood lectured at Santa Barbara College about the
potential to generate a “perfect climate” in California through planting 100-150-foot-wide belts
perpendicular to prevailing winds to alter the climate and create windbreaks for agriculture.
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2.5.2 Failed Enterprise
In 1877, after the Central Pacific Railroad Company planted over one million Eucalyptus
trees in a span of two years, eucalyptus lumber was found to be inadequate for development of
railroads. Eucalyptus cracked if not seasoned properly and the ties could not hold a railroad spike in
place which compromised the track stability (LeRoy 1998). Despite the findings of the Central Pacific
Railroad, there was still a eucalyptus plantation boom in California from 1905-1912 with the hopes of
reaping sizeable profits (LeRoy 1998). The letdown is attributed to the difference in the qualities of
harvested young trees in California compared the well-established forests in Australia. The trees in
California would warp, shrink, and crack during drying where the trees in Australia would keep their
shape and remain suitable for development (LerRoy 1998). E. globulus is one of the most common
eucalyptus species planted because of the early century eucalyptus boom; there are currently over
500 species of eucalyptus that have been identified in California (LeRoy 1988).

2.6 History of Montana De Oro State Park
2.6.1 Pre-Public Land
The Chumash people inhabited the central coast prior to European settlement; the southern
range of Chumash territory included Santa Barbara where the Northern Chumash were in the San
Luis Obispo (SLO) area (Hook 1988). First European contact of the SLO area was in 1542 when
Juan Cabrillo entered through Estero Bay and named Morro Rock (Bicknell 1988). The San Luis
Obispo de Tolsa mission was established in 1772 which marks the year that regular burning by
Chumash ceased, and grazing took its place (Bicknell 1988). The California Invasive Plant Council
(Cal-IPC) defines a non-native plant as “a species introduced to California after European contact
and is a direct or indirect result of human activity”. Thus, 1772 could be used as a threshold for
determining native from non-native plants.
Alexander S. Hazard purchased what is now known as Montana De Oro State Park in 1874
and ran a successful dairy ranch on the property. Hazard died in 1910 and his son continued the
operation. In 1908 Alexander Hazard planted a eucalyptus plantation which included E. cladocalyx,
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E. cephalocarpa, E. camaludensis and E. viminalis. The property became Montaña De Oro State
Park (MDOSP) in 1964..

2.6.2 State Obligations
Lightning and intentional ignition by Chumash people were the primary source of fire
throughout Montaña De Oro area and Hazard Canyon before the 1900’s (Hook 1988). Since the
1920’s, when fire suppression efficiency spiked dramatically due to the use of firefighting airplanes,
fire return intervals have increased, resulting in ecological imbalances that have paved the way for
destructive wildfires (Hook 1988). Therefore, prescribed fire is necessary to restore ecological
processes and reduce the potential for catastrophic wildfire (Hook 1988). The first effort to reintroduce fire to the MDOSP as an ecological management tool took place on a 35-acre coastal
grassland terrace in 1973. The California State Parks Montaña De Oro General Plan states that
wildfire can be a threat to natural resources, facilities and human life and property. To mitigate the
risk of fire, a wildfire management plan should be developed in any unit threatened by wildfires.
Furthermore, sensitive resources should be identified to facilitate a plan to minimize negative effects
that suppression techniques may have on those resources before a wildfire event (Hook 1988).
The department of Parks and Recreation Natural Resources Department Operation Manual
(DOM) section 0310.2.1 states that “It is the policy of the Department to manage to restore to
perpetuate natural succession by: a. Re-introducing natural processes when they have been altered
by human intervention such as fire suppression; b. Restoring several stages of plant communities in
areas that can no longer support a natural process; c. Restoring mosaics of successional stages
(DOM 2004).

2.7 Restoration
2.7.1 Baseline Plant Community
Part of California State Parks objective to create a fuel management plan is to enhance the
biodiversity in the eucalyptus understory through active native plant restoration. With any restoration
project, it is paramount that the baseline plant community is the aim of restoration efforts. SLO
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coastal region hosts a mosaic of grasslands, shrublands and a variety of forest types (Wells 1962).
The dominant native forest in the SLO coastal region consists of Quercus agrifolia (coast live oak),
Umbellularia californica (bay laurel), and Arbutus menzesii (madrone) and is characterized by plants
with stiff leathery consistency (Wells 1962). Maritime Chapparal is a densely populated common
habitat type in the SLO coastal region. It is characterized as impenetrable due to its dense
composition and structure (Wells 1962). Coastal grasslands are a rare habitat type that are
threatened by development and invasive weeds. The SLO coastline contains prevalent grasslands
areas that have been converted to weedy annual grasses of the Mediterranean origin. (Wells 1962).
Another very common habitat type on the coast range of SLO is the coastal sagebrush,
which is defined by soft wood, soft leaved evergreen perennial shrubs that are highly aromatic with
essential oils. (Wells 1962). Coastal dunes exist near the seashore and are dominated by succulent
herbs and soft wooded and soft leaved shrubs (Wells 1962). The primary mountain forming rocks in
the SLO coast area are composed of siliceous shale, diabase and serpentinite underlain chiefly by
soft, clay-forming Franciscan sediment (Wells 1962). The geologic substrate is very diverse
compared to other coast ranges in California and the volcanic plugs in the region set it apart from
other coastal communities in California (Wells 1962).

2.8 Pre-Settlement Vegetation
The pre settlement habitat types that occurred at Hazard Canyon (the watershed within the
boundaries of MDOSP) are as follows: Grassland 30%, Shrubland 30% and Forest 30% (Bicknell
1988). Paeloecological analyses suggest that historically: 1) The riparian forest was probably more
well-developed in the past; 2) Quercus agrifolia was probably more abundant in the Hazard Canyon
watershed in the past; 3) The occurrence of sage and coyote brush shrublands in the past was
probably intermittent in grasslands that were burned with various frequencies (Bicknell 1988).
Quercus agrifolia forest and woodland (i.e., mixed oak woodland) is currently the dominant plant
community in Hazard Canyon and Quercus agrifolia occurs in all but the driest habitat types in the
region (Bicknell 1988). The Bicknell report concludes that the vegetation at MDOSP was historically
strongly influenced by fire.
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To gain a better understanding of how to manage the current eucalyptus forest at MDOSP it
is important to estimate the rate at which the original 1909 plantation is expanding beyond its original
plantings. The earliest clear aerial photos were taken in 1949. The photos show clear boundaries of
the original plantations since their establishment in 1909 compared to aerial photos taken in 1986
(Bicknell 1988). Of the eucalyptus species observed, E. globulus had the highest rate of spread. In
1949 the eucalyptus forest occupied 48.3 ha and in 1986 the forest had expanded to 73.5 ha which
constitutes an expansion of 25.2 ha, or 52% (Bicknell 1988). It is important to note that the 52%
expansion is an underestimate of the unaided expansion from 1909 since Bicknell was only able to
use data starting in 1949 (Bicknell 1988). The Bicknell study concludes that eucalyptus is invading
surrounding native habitats and presenting a radically different plant community than what was
described in the pre settlement vegetation report (Bicknell 1988). The Bicknell documents a negative
correlation between fire frequency and forest age and size (where there are fewer large established
trees than young thinner ones). The Forest Inventory Report done in 2019 reflects the same
structure (Collins 2019).

3.0 Methodology
3.1 Site Description
MDOSP is located six miles southwest of Morro Bay and two miles south of Los Osos,
California (Figure1). Approximately 350 acres of various species of Eucalyptus forests exist within
the otherwise native vegetated habitat. The extent of the eucalyptus forest exists in the northeast
corner of the state park and loosely follows the contour of Pecho Valley Rd. Before MDOSP was a
State Park, eucalyptus trees were planted in row formation in an attempt to harvest the timber.
Eucalyptus timber was thought to be a lucrative industry but turned out to be a failed enterprise due
to the wood bending and warping during the curing process. As a result, roughly ten acres of planted
eucalyptus was abandoned and has since expanded to roughly 350 acres.

3.2 Sample Plot Description
Eighty, one-fifth acre sample plots were identified in the 2019 forest inventory study that
utilized methods consistent with the Natural Resource Conservation Service to ensure that at least
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5% of the forest was inventoried (Collins 2019). The sample plots were designed to account for all
existing eucalyptus forests in MDOSP. Eucalyptus forests are not likely to burn without sufficient
surface fuels (Hodgon 1967). Therefore, data was collected on surface fuels rather than ladder fuels
and or canopy cover. Originally 92, one-fifth acre plots were established in the forest inventory
report. The fuel inventory plots are nested within existing plots from the 2019 forest inventory.
Twelve plots were omitted due to recent management of fuels via mechanical thinning, pile burning
and prescribed broadcast burning, resulting in 80 plots in total. Five dominant eucalyptus species
exist throughout the extent of the eucalyptus forest in MDOSP. Scattered stands of specific species
dominant forests comprise the entirety of the eucalyptus forest (figure 1). The dominant species
stands include E. globulus, E. cephalocarpa, E. cladocalyx, E. camaldulensis, E. viminalis as well as
stands that are comprised of a mixture of previously listed eucalyptus referred to as mixed
eucalyptus stands. To avoid skewing data towards lighter fuel loads every plot within the E.
cephalocarpa stand was omitted due to recent fuel treatments. Data was collected from four species
specific stands as well as the mixed stands.
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Figure 1. Species distribution of eucalyptus forest at Montana De Oro State Park.

Figure 2. Fuel inventory plots nested within existing plots from 2019 forest inventory.
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3.3 Modified Brown’s Transect
A combination of methods from the Handbook for Inventorying Downed Woody Material
(Brown 1974) and the Handbook for Inventorying Surface Fuels and Biomass in the Interior West
(Brown 1982) were utilized. The two methods combined serve to calculate average masses in
tons/acre for 1-hr, 10-hr, 100-hr and 1,000-hr fuel classes. The hour fuel classes represent diameter
ranges for downed woody material. 1-hr fuels are under ¼ inch, 10-hr fuels are between ¼ and 1
inch, 100-hour fuels are between 1 to 3 inches and 1,000 -hr fuels are over 3 inches (Deeming et al.
1978). A tallying system accounts for each size class of fuels that intersect the transect at varying
distances (figure 3). The 35-foot length of the transect is based on a recommendation from the
Brown’s 1982 Handbook. In addition to tallying downed woody material that laid flat on the forest
floor, the planar method (Brown 1974) was also utilized to account for any fuels suspended above
the forest floor that cross a vertical plane. The vertical planar intersection resembles a guillotine. The
vertical distance where fuel particles were accounted for began two inches above the forest floor and
reached a height of 6 feet above the forest floor. To be considered downed and dead, the fuel
particle must be suspended at a 45-degree angle or less relative to the forest floor and severed from
its original growing point (Brown 1974). Leaf and litter depths were measured at various points on
the transect (Figure 3).
Eucalyptus bark is a unique characteristic of eucalyptus fuel loads that are not accounted for
in either of Brown’s handbooks. Brown’s methods are tailored towards forests in the United States
interior West consisting mainly of pine and mixed conifer forests. Therefore, eucalyptus barks’
physical characteristics as well as frequencies were added to the Brown’s transect used for this fuel
Inventory. Thickness of bark was measured in millimeters while the lengths and widths were
measured in centimeters. Stringy pieces of bark that were curled and cylindrical were carefully
spread apart and measured at the widest point of each piece. Additionally, the number of pieces of
bark from the plot center to the 6 ft. mark were recorded to represent the frequencies of bark that
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crossed the transect (figure 3). Physical characteristics of bark were collected and not calculated as
tons/weight, therefore bark data should be considered separate from all other data with a ton/acre
value.

Figure 3. 1, 10, 100, and 1,000-hr fuel tally as well as litter/duff depths and bark measurements transect.

Small tree (<10’ in height) species and height were recorded in a 1/300-acre (6.8 ft. radius)
area around the plot center. Live and dead shrub species heights and estimated percent covers
were recorded in two ¼ mil acre (1.86 ft radius) shrub plots. Percent cover of live and dead
herbaceous species (grass and forbs) were estimated using two 10 x 24-inch quadrats (figure 4).

Figure 4. Percent cover estimations along modified fuel transect.
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3.4 Data Collection and Analysis
The modified Brown’s transect was digitized using ArcGIS Connect for field data collection.
Over the course of five days, multiple California State Parks Natural Resource crews located the
fuel inventory plots. Plot maps were made using ArcGIS Pro and exported to Avenza Maps so that
each team could locate their targeted plots. The data for the fine fuels (3 in. and less) and 1,000-hr
fuels were processed using a data analysis program provided by Systems for Environmental
Management, a non-profit research and educational organization who partner with professional
wildland fire managers and planners. Calculations from the Brown’s 1982 handbook were utilized in
the software. Specific gravity and squared average quadratic mean values were chosen based on
properties that best represent Eucalyptus globulus. Bark thickness, width, and length were
measured for every piece of bark that touched the transect tape between the 6-7’ mark (figure 3).

3.5 Bulk Density
Site-specific bulk density values were calculated for each eucalyptus species excluding E.
cephalocarpa to accurately calculate the leaf litter and duff weight. Eight sites were chosen per
eucalyptus species using a random number generator resulting in 40 sample sites in total. . At each
plot center a random number generator determined an azimuth that correlated to a direction on the
compass to eliminate bias and randomize the direction that the transect tape was placed. Multiple
random azimuths were generated from the same plot centers for E. viminalis, E. cladocalyx and E.
camaldulensis to ensure there were at least 8 samples taken for each stand. This procedure was
implemented due to the limited area of the stands and the 1/5 acre spacing of the fuel plots. A
transect tape was extended 20 feet from the plot center where a 12x12 inch quadrat was placed.
Before collecting the leaf and duff samples, depth measurements (in inches) were taken at the
center of the quadrat to be later used in bulk density calculations. To avoid collecting material
outside of the quadrat, the sharp edge of a trowel was used to sever the leaf litter and duff. Litter and
duff were then collected in separate bags and transported back to the field office for further analysis.
Eighty samples in total were intended to be collected but due to lack of communication in the field six
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additional samples were collected from the E. camaldulensis stand. All samples were sifted through
a 4-mesh screen followed by a 22-mesh screen to remove any materials not associated with litter
such as rocks and sand. Each sample was oven dried for a 24-hr period at a temperature of 100 °C
(212 °F) and weighed. The oven dry weights (lbs) were then divided by the square area of the
quadrat (144 in²) and the depth of the strata (in.) to get a value in lb/in²/in. The values were
converted to tons/acre/in and averaged to find the average bulk density value for each eucalyptus
species (Maier et al. 2004)

3.5 Forest Floor Mass
At each fuel inventory plot, litter depths were recorded at three points along the transect
while duff was collected at two points (Brown 1974). The site-specific bulk density values were
multiplied by each litter and duff depth measured per plot and averaged to get a ton/acre value for
each plot within species dominated stands. Those values were then averaged to get an average
ton/acre weight of litter and duff for each specific species stand (table 1).

4.0 Results
The results are a product of calculations, averages, and percent cover estimations. Litter
bulk density values for each five species range from 2.62 to 4.09 tons/acre/in. Duff bulk density
values on average are larger compared to the litter values. The mixed eucalyptus stand generated
the greatest duff bulk density value at 13.23 t/ac/in (table 1).
Table 1. Bulk densities are derived from calculations using oven-dry values, strata depths,
and square area of a 12 x 12 in, quadrat.

Species
E. globulus
E. viminalis
E. camaldulensis
E. cladocalyx

Average Bulk Density
(tons/acre/in)
3.73
11
4.09
5.47
2.62
6.79
3.12
12.12

Strata
Litter
Duff
Litter
Duff
Litter
Duff
Litter
Duff
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Litter
Duff

Mixed Euc

2.82
13.23

The average litter depth of all eucalyptus stands at MDOSP is 3.15 inches. E. cladocalyx has
the shallowest litter depth at 2.13 in. while E. camaldulensis has the deepest litter depth at 3.39 in.
The error bars represent the standard deviation an indicate fuels uniformity. Higher error bars
indicate more a more clumped distribution while smaller error bars represent a more uniform
arrangement of fuels (figure 5). The mixed eucalyptus stand has the highest variation in spatial
distribution of litter followed by E. globulus and E. camaldulensis. Overall, the distribution of leaf litter
is relatively uniform across the whole forest. The average duff depth for the entire forest is 1.15
inches. E. viminalis has the shallowest average litter depth at .63 inches while E. globulus has the
deepest average duff depth at 1.92 inches followed by mixed eucalyptus stand. E. globulus also has
the most variable distribution of duff among all the other species. Overall, the distribution of duff was
relatively uniform across the entirety of the eucalyptus forest at MDOSP.

Litter

Duff

8
7

Depth (in.)

6
5
4
3
2
1
0
E. globulus

E. cladocalyx

E. viminalis

E.
Mixed
camaldulensis Eucalyptus

Total Average

Eucalyptus Species
Figure 5. Mean litter and duff depth for each eucalyptus species and total for whole forest with standard
deviation error bars.

The total average litter mass for the entire forest is 17.1 tons/acre. E. viminalis yielded the
highest average litter mass at 22.5 tons/acre while E. camaldulensis yielded the lowest average
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mass at 12.62 tons/acre. The average duff mass for the entire eucalyptus forest is 14.3 tons/acre. E.
viminalis yielded the lowest duff weight at 5.47 tons/acre. The mixed eucalyptus stand yielded the
heaviest duff weight at 33.08 tons/acre, far surpassing the weights of all other species stands.

17.1

17.28
7.07

12.62
5.47

10

14.3

33.08

Duff

22.5

19.94

17.3

13.16

Tons/Acre

Litter

Eucalyptus Species
Figure 6. . Litter and duff weights in tons/acre for each species stand and entire eucalyptus forest derived
from site-specific bulk density numbers.

E. cladocalyx produced the heaviest amount of downed woody material at an average of
13.72 tons/acre while E. viminalis produced the lightest average weight of 4.58 tons/acre.

1,000‐hr

Total

5.20
7.78

7.22
9.52
0.33
1.07
0.90

4.19
4.58
0.08
0.31
0.00

0.55
1.67
1.45

0.20
1.64
0.74

100‐hr

10.05
13.72

10‐hr

6.94
0.23
1.87
1.05
3.79

Tons/Acre

1‐hr

Eucalyptus Species

Figure 7. Mean weights (tons/acre) for each fuel class size in comparison to each eucalyptus
species.
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Figure 8 shows the variation of fuel loading for each fuel class by eucalyptus species. The
largest variation in fuel loading can is shown for the 1,000-hr fuels for E. cladocalyx while the total
fuel loading variation remains nearly continuous. The average fuel load for the 1-, 10-, 100-, and
1000-hr fuel classes of downed woody material across the entire eucalyptus forest is 8.51 tons/acre
(figure 9).
1‐hr

10‐hr

100‐hr

1,000‐hr

Total

35
30

Tons/Acre

25
20
15
10
5
0
E. globulus

E. cladocalyx

E. viminalis

E. camaldulensis

Mixed eucalyptus

Eucalyptus Species

Figure 8. Distribution of fuel loads. Bars indicate mean fuel loads while error bars indicate standard deviation.

8.51

Large error bars indicate clumpy distribution of fuels where small error bars indicate continuous fuel loads.

9
6.09

8
7
6
4
2

0.83

1.31

3
0.28

Tons/Acre

5

1
0

1‐HR

10‐HR

100‐HR

1,000‐HR

TOTAL

Fuel Classes

Figure 9. Fuel loading (tons/acre) of each size class as well as total fuels across entire
eucalyptus forest.
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E. cladocalyx yielded the thickest bark on average with an average of 2.32 cm. E. globulus
yielded the widest pieces of bark on average at 4.86 mm wide while E. mix produced the longest
pieces of bark on average at 80.45 cm. Due to the lack of plots within the E. viminalis forest data on
bark was not obtained. Similarly, data for bark for E. camaldulensis was limited to one plot hence the
lack of standard deviation for those values. The largest pieces of bark recorded was found in the E.
globulus forest (10 mm thick x 43.5 cm wide x 275 cm length) although much larger pieces were
observed throughout the entirety of the forest during data collection. On average, the most
occurrences of bark were found in the mixed eucalyptus stand followed closely by E. cladocalyx and
E. globulus (Figure 10).
Table 2. Mean thickness of bark on forest floor (mm) as well as width and length (cm)

Species
E. globulus

E. cladocalyx

E. viminalis

E. camaldulensis

Mixed eucalyptus

Dimensions
Thickness
Width
Length
Thickness
Width
Length
Thickness
Width
Length
Thickness
Width
Length
Thickness
Width
Length

Average +- S.D.
1.58 +- 1.36
4.89 +-4.72
79.84 +- 74.04
2.32 +-2.13
2.98 +-1.43
26.56 +-18.78
N/A
N/A
N/A
1
2.3
13.4
1.70 +- 1.50
4.73 +- 7.22
80.45 +- 77.82
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Confidence Interval
0.261
0.905
4.89
0.881
0.59
7.75
N/A
N/A
N/A
N/A
N/A
N/A
0.463
2.22
23.95
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Bark Occurances (0‐6 ft.)

20
15
10
5
0
E. globulus

E. cladocalyx

E. viminalis

E. camaldulensis

Mixed
eucalyptus

Eucalyptus Species
Figure 10. Mean occurrences of bark touching or crossing transect line from the plot center to the
6 ft. range.

E. viminalis had the highest average estimated herbaceous percent cover (61-80%) followed
by E. cladocalyx (41-60%) and the rest of the species shared the same average percent cover range
(table 3). E. camaldulensis stands had the tallest average shrub heights at 18.5 inches as well as the
highest average canopy percent cover range (table 4). The total average height of shrubs across the
whole forest is 12.8 inches. The most common shrub species across the whole forest is poison oak
(Toxicodendron diversilobum) followed by California blackberry (Rubus ursinus). Five trees under 10
feet tall were recorded. The tree species for all five trees were coast live oak (Quercus agrifolia), four
of them were 1 ft. tall and one of them was 9 ft. The average elevation of the entire eucalyptus forest
is 262 ft. The average slope is 25.7% and the most common aspect of the slopes face South (table
5). Elevation, slope percent, and aspect all contribute to fire behavior and can be used to help model
fire behavior.
Table 3. Mean percent cover range for live and dead herbaceous vegetation per eucalyptus
species.

Species
E. globulus
E. cladocalyx

Average % Cover
21‐40
41‐60
34

E. viminalis
E. camaldulensis
Mixed eucalyptus
Total average

61‐80
21‐40
21‐40
21‐40

Table 4. Mean heights of shrubs and percent cover.
Species
E. globulus
E. cladocalyx
E. viminalis
E. camaldulensis
Mixed eucalyptus
Total average

Height (in)
11.5
8
18
18.5
8
12.8

Percent Cover
21‐40
6‐20
0‐5
21‐40
6‐20
6‐20

Table 5. Topographic conditions for each eucalyptus species.

Species
E. globulus

E. cladocalyx

E. viminalis

E. camaldulensis

Mixed eucalyptus

Factors
Slope
Aspect
Elevation
Slope
Aspect
Elevation
Slope
Aspect
Elevation
Slope
Aspect
Elevation
Slope
Aspect
Elevation
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Avg.
38.72%
West
318.5 ft
20.40%
South
184 ft
12.50%
South
280 ft.
34%
Northwest
280 ft
23%
South
252 ft

5.0 Discussion
Fuel accumulation over the last century has contributed to destructive fire behavior in
California in recent years. California State Parks as a public land management agency is obligated
to provide safe and biodiverse public lands for recreation and education (DOM 2004). To effectively
provide safe public lands and protect natural resources, fuel reduction through mechanical thinning
and or prescribed fire should be implemented in forest management. Fuel reduction is an effective
way to reduce fire behavior in the event of a wildfire and can aid land managers in producing a safer
and healthier forest at MDOSP. To direct and manage fuel reduction efforts a fuel management plan
should be implemented to target areas of high concern, budget money/resources, and incorporate a
long-range management plan.
Quantifying the over-all fuel load in an ecosystem is an important factor in any fuel
management plan. This fuel inventory report provides tons per acre mass of duff, leaf litter, downed
woody material, as well as percent cover of herbaceous species, shrubs, and a count of small trees.
The results of this fuel inventory go one step further to quantify the mean fuel load of each
eucalyptus species stand. Comparison of fuel loads among species stands allows land managers to
prioritize treatments and make systematic management decisions. Conversely, an average fuel load
quantification of the entire eucalyptus forest should be sufficient for technical documents, reports,
and serve as a nexus for managers to communicate in exact terms about their fuel issues.
Average fuel loads for the eucalyptus forest at MDOSP are as follows: The mean litter mass
is 17.1 tons/acre with an average depth of 3.15 inches and is relatively uniform in arrangement. The
mean duff mass is 14.3 tons/acre with an average depth of 1.15 inches and is relatively continuous
across the forest. The average fuel load for downed woody material is 8.51 tons/acre. The live and
dead estimated herbaceous percent cover of the entire forest is 21-40 percent. The most common
shrub is poison oak (Toxicodendron diversilobum), and the average height of all shrubs is 12.8
inches and has an estimated canopy percent cover of 6-20 percent. Only five trees under 10 ft. tall
were recorded in the small tree sub plots across all eighty fuel plots. All five trees were coast live
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oaks (Quercus agrifolia). The average elevation of the whole forest is 262 ft. with an average slope
of 25.7 percent and most slopes face South, Southeast, or Southwest.
`

The fuel load quantification provided in this inventory can serve as baseline data for a

comprehensive fuel management plan. Some key findings from this inventory should be considered
focal points in a fuel management plan for the eucalyptus forest at MDOSP. Fine fuels have the
greatest influence on rate of spread and ignition (Husari 2006). Therefore, areas with the largest fine
fuel loads should be targeted and prioritized in the fuel management plan. The E. cladocalyx stands
yielded the largest amount of fine fuel as well as 1,000-hr fuels making it the highest producer of
downed woody material compared to all other species stands. E. cladocalyx also has the least
continuous fuel load compared to all other species stands, suggesting that there are more jackpotted
fuel sources in the E. cladocalyx stands compared to the others. The jackpotted fuel sources refer to
the clumpy distribution of fuels and should be taken into consideration when planning a prescribed
burn. The thickest bark on average was recorded in the E. cladocalx stands and has the second
highest amount of bark frequencies in comparison to all other species stands. The bark frequency
and size suggest that the fuel load is slightly greater in the E. cladocalyx stands than what has been
calculated in this report.
E. globulus stands produce the second highest amount of fine fuel loads (3.15 tons/acre)
compared to the other species stands. The largest piece of bark was found in one of the E. globulus
stands and the widest pieces of bark on average were found in the E. globulus stands. The
combination of large amounts of fine fuels coupled with large pieces of bark suggests that fire could
move rapidly through the E. globulus stands and produce fire brands that could ignite areas ahead of
the flaming front (Wolf & DiTomaso 2016, McBride 2019). Comprised E. globulus stands makes up
78.4% of the entire eucalyptus forest at MDOSP (Collins 2019). Since the comprised stands of E.
globulus are much larger than the other stands, fuel reduction should be prioritized for the stands
that pose the highest risk to human assets and natural resources.
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E. camaldulensis yielded the smallest amount of litter (11.65 tons/acre) yet produced the
deepest depth (2.13 in.) on average compared to all other species stands. The litter depth to weight
ratio suggests that the leaf litter is less compact than the other species stands and may result in
increased fire behavior. Loose and aerated leaf litter could result in effective biomass consumption
with treatment of prescribed fire that could effectively restore the stands to Baywood fine sand
substrate. Furthermore, the tallest live and dead shrubs with the highest canopy cover existed in the
E. camaldulensis stands which suggests that E. camaldulensis could be successfully restored to its
native habitat with minimal effort compared to the other stands. Access to the E. camaldulensis
stand is difficult as the stand is located on a relatively steep slope across an incised annual creek
bed (Hazard Creek) with no designated pedestrian access points. Therefore, it may not be the most
reasonable stand to prioritize for active fuel management and restoration.
E. viminalis stands produced on average the greatest mass of litter (22.5 tons/acre) as well
as the smallest mass of duff (5.47 tons/acre) compared to all other species stands. E. viminalis
stands also produced the smallest mass of fine fuels but the highest amount of dead and live
herbaceous percent cover. With a proper ignition plan, residence time could be prioritized to burn off
the large litter load which could then easily burn off the small amount of duff, returning the area to its
native Baywood fine sand substrate. The flashy herbaceous fuels could increase the rate of spread
but the lack of fine fuels could counteract the rate of spread thus generating adequate consumption
of the litter and duff strata.
The methods utilized in this inventory report serve as a basis of comparison between fuel
loads in adjacent native habitats and the eucalyptus forest. The results of a fuel inventory in native
adjacent habitat could serve as scientific evidence to support further management of the eucalyptus
forest at MDOSP. Similar studies have shown that eucalyptus forest yield much higher amounts of
fuel than native habitats. For example, a photo series done in the East Bay area of California shows
that shrublands produce on average .58 tons/acre of litter and 1.75 tons/acre of dried shrub biomass
(Wright et al. 2014). The East Bay photo series recorded that the average biomass for litter in an oak
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woodland was 2.7 tons/acre and 2 tons/acre for woody material (Wright et al. 2014). Both native
habitats produced considerably less fuel compared to eucalyptus habitat. The same photo series
found that a mature eucalyptus forest similar to the one in MDOSP yielded 13.43 tons/acre of leaf
litter and 6.26 tons/acre of woody material (Wright et al. 2014). The photo series results are similar
to the results of the inventory done for MDOSP which further supports data proving that eucalyptus
forests produce more fuel than native habitats. A study done in 1967 showed that introduced
eucalyptus forests can produce 34 tons/acre of fuels. The 1967 inventory included dropped
branches, bark, and leaves (Hodgson 1967). When leaf litter, duff and downed woody material are
combined, the eucalyptus forest at MDOSP produces 39.9 tons/acre of fuel. The Hodgson report
also reveals that bark makes up 30% of the leaf litter mass. Bark mass was not accounted for in the
eucalyptus forest at MDOSP, which suggests that the total fuel loads are likely larger than what was
calculated in this report.
The level of effort put forth in the methods of this inventory yielded results that should suffice
for California State Parks objectives. However, further effort could be made to account for a more
precise fuel load quantification for future fuel inventories. Eucalyptus bark should be calculated in a
tons/acre unit and accounted for in the total fuel load. Biomass acquired around the bole of standing
eucalyptus trees known as basal accumulations should also be calculated in a tons/acre unit.
Herbaceous samples could be clipped, and oven dried to find a dry weight. The mass of herbaceous
species could then be used in calculations available in the 1982 Brown’s Handbook. Similarly, shrub
mass could be quantified using calculations provided in the 1982 Brown’s Handbook. Had there
been no time restraints, such methods could have been utilized to produce a more accurate fuel
inventory.
Modeling fire behavior can be beneficial in many ways. Fire behavior modeling can help
managers to plan prescribed burns. Modeling can also be helpful for fire suppression agencies as
fire behavior can be predicted under various weather conditions. Fire modeling can serve as a basis
of comparison to previous fire behavior suggestions stated in this report. Fire behavior modeling can
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help conceptualize risks and hazards to regulatory agencies as well as the public which could
convey the importance of future forest management. Lastly, modeling could help managers
determine high fire hazard areas that should be prioritized in a primary phase of a long-range fuel
management plan at MDOSP.
This inventory report provides the quantification of fuel loads which is a necessary
requirement for fire behavior modeling. This report also provides mean slope percentages, aspects
and elevation which is also necessary for fire modeling. A proper fuel model number that represents
the fuel type is a paramount component of fire behavior modeling. The 13 standard fire behavior fuel
models (Anderson & Albini 1976) were developed to encompass all habitat types in the United
States. While the subsequent addition of 40 more fuel models (Scott & Burgman 2005) expanded
fuel numbers to a broader range of specific fuel types, none of the fuel types encompass the unique
characteristics of a eucalyptus forest. However, it is possible to create customized fuel modeling
numbers using BehavePlus fire modeling software. The customization of a fuel model number for the
eucalyptus forest at MDOSP would permit land managers to properly model fire behavior in the
event of a wildfire.

6.0 Conclusion
This fuel inventory report coupled with the 2019 forest inventory report serves as
comprehensive baseline data of the eucalyptus forest at MDOSP. Together, these two documents
provide data on living standing trees and forest floor fuel loads. Fuel loads in eucalyptus forests are
considerably larger than native habitat fuel loads (Hodgson 1967, Wright et al. 2014). Moreover,
studies have shown that native flora and fauna is restricted in areas of established eucalyptus forests
compared to neighboring native habitat. (Chu et al. 2014). The fuel data provided in this report
coupled with the 2019 forest inventory could serve as scientific evidence that could support
regulatory agencies in their authorization of necessary permits for future forest management. Further
steps in ire behavior modeling could result in a comprehensive fuel management plan for MDOSP.
The management plan could be the blueprint for proper forest management through thinning and

40

prescribed fire. Such management techniques will pave the way for land manager’s efforts to convert
hazardous and ecologically adverse landscapes to a biodiverse fire resilient landscape that will keep
the public safe and enhance the native flora and fauna communities.
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